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I. INTRODUCTION
Over the past ten years, the technique of laser-induced fluorescence [1] has been under intense development for possible...measurements of the hydroxyl (OH) concentration in the troposphere. This activity reflects the belief that the hydroxyl radical plays a pivotal, role in. the chemical transformation of minority species--in-,-the"'-tropicsphere,: but its,;co,n,ce.ntratto-n>t here has not been establishecLvn.th any certainty.. The range of daytime ._.,..-._ 57 3 concentrations of OH is thought to be from 10 to 10 molecules/cm , depending on meteorological conditions and other parameters assumed in the model. This range is generally too low-to be detected by conventional means.--The-.. technique of laser-induced fluorescence has promised unprecedented sensi----; tivity and selectivity [3] , but" has proved'to b'e "susceptible to-.a number-of interference problems [4] , depending .on the ambient conditions. -.The. most :_.._--_-, "serious interference encountered "so far has been that-arising from the -----photodissociation of ozone by the laser" beam, lea'ding to the production of 'metastaBTe-atomic oxygen [5] . ^.-Subsequent, reaction -with 'water-,jnalje.^!^-pro-ct^r, duces -OH'wh-ich is then detectejl&y the-;same^ ltf_ser.£puHe..c .Under.-certain.;..!.--?.. . operating conditions, the leveJtjot.th.is Interference, effect_may be orders ;
of"magnitude higher than the OH concentration actually present in ambient "air.'-T This interference has been^a s'srious^pr-ob-lem..-™ a number -of. tfteld ; r^-[i.:.
measurements [4, 6] undertaken .-without appropriate means to alleviate, this.. ....
effect. The technique [7, 8] which we have been developing takes advantage 'of the fact that the level of ozone interference is directly proportional to the intensity (watts/cm ) used for "excitation [4] , and• that, it xan be . . . reduced to a negligible level, without reducing the total fluorescence signal, by using a sufficiently large beam cross section for excitation.
The use of a large beam cross section naturally suggests a LIDAR-. ,-. t . .-.
type configuration for col linear excitation and collection of fluorescence.
-• Since-OH is too reactive to allow conventional sampling^, this LIDAR-_type .,",
•configuration allows the air to• be'measured tn-situ.-• However,-this -•---i-.^.*--.
"''configuration does allow comparatively; thigh _le-vel;S' of-sp;lar : -»radi,a-tion'..tp^ -^i/^; v...o so be Rayleigh-scattered into the collection optics, and one must reduce the
•-level of-this solar-background t by appropriately,.terminating the J,ine,-,of.-. M(j t "sigtit'of the telescope. For the system used'in ground'based meas-urements", -the latter is accomplished with a baffled back-stop," while for airborne measurements, the black-painted wingtip. of the aircraft .itself serves.this u -.p urpose.
-v-"
The use of spectral filtering "is imperative in reducing 'the ' broadband solar background and the nonresonant fluorescence background, ''since the^'shot noise associated -with -this -background -determines ^the-nl-imi-t -'<• >^ -., -.-£ of»OH J detectionr "For the results" -reported in this paper,-iSpectral-:f-Mt-er--/r< ->:~ --••ing-is-done-with a narrowband-.interference filter.. . P re lim.in.ary .result^ ,,,,.,.. . vs .,
obtained in Dearborn indicated a detection limit of better than 1 x 10 ' " OH/'Cm for "ground-based operations of-this-system.--A-comparable-detection* •<-.-,.
. limit was also observed for -aircraft.-operations rjof -t;hTS,.-sys,te.m,unjder .favor-r . .
• . . able conditions.
In Sections II and III, a brief description of the detection scheme and the experimental setup will be given. Section.IV outlines the procedure -3 -for data analysis. Results of OH measurements in Dearborn, as well as those from preliminary flights on board the NASA CV-990 aircraft, will be presented in Section V. New results on ozone interference will be presented,, and discussed in Section VI. Finally, in Section VII, the viability of our technique for OH measurements is discussed.in light of these results.
II. DETECTION SCHEME
The technique of laser-induced fluorescence has been described in detail elsewhere [8] . It involves excitation of the OH radical using the Q, (2) 
-5 -where [Np] is the ambient nitrogen concentration, and a R (N 2 ) is the cross section for Raman scattering of nitrogen. Elimination of C in Eqs. (1) and (2) gives
as may be seen from Eqs. j (1) and (2).. Equation (3) describes a "normalization process" whereby the OH-fl-uorescenee signal -is normalized to-that--• "of the corresponding Raman scattering of nitrogen. In this manner, 
where P is the ambient pressure in Bar. Based on the uncertainties of -'" tKe ri paVa'meter values used in evaluating D, we estimate -the uncertainty ! -in D to be on the order of 20%-; to. 30%. It is evidently-desirable to -_ .
calibrate the fluorescence instrument used in OH measurements against some known source of OH under ambient conditions. One possible means "for such 'a calibration is to mffke simultaneous measurements-of OH -in-•---•-ambient air using both the fluorescence technique and the absorption technique. The possibility of using this scheme for calibration has been described elsewhere [12] .
III. EXPERIMENTAL
Although the basic detection scheme remains unchanged, the present instrument package has incorporated a-number of important improvements over that described previously [8] . Figure 1 To assure that the exciting radiation is in resonance with the intended-----OH transition, a small portioff'of this second harmonic radiation is sent -through a-discharge cell containing water vapor, and the OH fluores.cence . For a given system of detection optics used to provide spectral discrimination, the telescope can be chosen to optimize the detection sensitivity. Our system evolved around an 8" telescope with f/8 optics,
.which was originally chosen to interface with a 3/4-meter Spex spectrometer Under most-operating conditions-,: s-ol-ar background-and,-to a Lesserf "'-extent,-: non"resofiant fluorescence--emitted-by--other absorbing-s-peci-esy ppove.d,,---to be undesirably large. To obtain an ,OH. s-ignal-in .the "presenc'e. of, this,,;.,.,, ' 'comparatively much larger background,-the" exciting-radiation was tuned on -.--.> and off the OH resonance after every ten laser shots, and the detection electronics were gated for about-70~nsec-during-the laser-':excitation. For diagnostic purposes,-the solar, background was. Also measured 2 microseconds -8-after each laser firing. These signals were processed with the aid of a CAMAC-based charge digitizer and stored in a HP-16 computer. Additionally, the laser power and the OH fluorescence signal excited in"the water vapor discharge were processed and stored in a similar manner. In all, six signals were generated and sto-red-for each laser pulse. After accumulation cover: 2<' , 000-laser shots, the data^wane^analyzed,^ the , results .:o,f. the. ana,lysi-s:,, -:.ih, r: -v;:
?were printeti-on the CRT screen/^ot 1 the HP-J16"and,-.-at .the.(discretion of-the...it.-ai i -. o operator, the data would then be transferred to a disk for permanent storage.
-The" process of accumulating data-for^vQOG'nas'er^sfiots ^and -performing 1 're Tated-^!:"
analysis took about four minut-e'sa.lysic cool-r. K '0"t roi.. 
.where x ? is .the laser power for off-resonant excitation. Subtraction of Eq. (6) from Eq. (5) gives
y 3 = Y! -y 2 , ,
x 3 = x 1 -x 2 (9) Equation (7) describes a linear equation 'whosertwo parameters can be determined through a least-squares fit according to standard procedures [15] . Accordingly, the OH concentration-is'given'by
and the corresponding variance is-given by-.--• . ..
O i
Here 'the J square brackets denote the-'-sunrof• the -products of -the/quantities 2 therein ove'p'-the s"et-of observations.-and-,s is the.-sample-vaciance. Since the laser ope-ra-tes for ten-sho,ts betvyeen-frequency switching, and.there_are a total of 2,000 laser shots per run, one may form from each run 100 groups, tion. This may be compared to the case of a normal distribution, for which roughly 68% fall within one standard deviation. The number of points lying between-dne and-two standard 'deviations, and beyond-two standard-'deviations-••,--.-:-.
away from the center, represent about 20% and 6%., respectively;-these values -*. ~_ are not quite the same, but are comparable to the corresponding values of ---• -2-9% and -2%-for-a normal distribution. We. are unsure of the-cause for this . .
•deviation 'from -normal distribution-,-but it i's very likely-that-th-is^ apparent-» •-deviation is due to inclusion of data points far out" in the-wings-of the -.distribution-in Fvg. 3a, whictr. are-.often .a'ssociated'With;high -bapkg-round-/,i ^eu
•~1 eve 1-s.^-If-these points are excluded in the-.computatioa, the, standard,^,-^ "•..:,-;;• ..-deviation"for the distribution, in. Fig. 3a would become less by a factor of TY3, and"the shape would al so" approximate more closely-that of a normal----------• distribution.
• ; J-: stri':. -'.
-As"a "further attempt to elucidate the nature, of.,the dj'stribytion . ._,-.. . and to demonstrate that our system is free from any bias arising from possible inb'al'an'ce -in-thfe wavelength tuning, extensive measurements were made at'night---or at high aVtitudes under very dry conditions'when 1-ittle. ; OH was> .expected. .,.. -13- The results of these measurements are shown in Fig. 3b , where the level of OH signal averaged over a run of 2,000 laser shots, is expressed in units ** of the.associated standard deviation for the run, and the number of occurrences .
of a given signal level is plotted as a function of that level. This distribution in Fig. 3b is also seen to be approximately normal and centered around, zeroj'aricts-the width-of it-he 'dis.trlb.utioru-.is--approximately iO'ne -(-staridard .
• deviation). Based on these observations, i : t ls~ concl tided _tha,.t the lt s;tatistlcal., ., analysis as outlined in the last section is applicable to the results of our experiments, and the standard deviation as computed in Eq. (12) The last row in Table I was obtained with an unexpended beam, ------.
arid the corresponding signal s-hould'be due entirely to ozone interference. •concentration-generated and "seen", by a square-top laser pulse is g.iven.by^ v ( . .
with
• Here the bracketed quantities refer to concentrations of. the_ --~*. various Tpecies-involved; A and B-are-, respectively, the rate: of de-excitation .
oT 0( -D) 'and 1 the rate of rota£tona'l -relaxation -of the generated;OH-j'both--. -T constants being proportional to the,partial pressure of the various species present in the excitation region; a is the absorption cross section; E is-"the^energy per'unit area per pulse;^and At-is-the-laser : -pulsewadth-. a ,., .v.,_..« ;,_• ---In order to apply Eq. (13) to^qtuajrexperimerits>, it.was, v conjec ri tured [7] that the population in a given low-lying rotational level consists of a component resulting from-exchange of energy with the translational degree of freedom [13] , and another component due to rotational relaxation from higher rotational levels into which OH moleeules. are first formed as---• -the .reaction product of 0( D) .and water. The former component is .associated,.,., .. dependence as expected; the scattering of data is due in part to the uncertainty-in the measurements of it-he-water vapor,-the statistical, uncertainties . ,_ of the OH signal ""computed, and-'to"a lesse'r extent, fluctuations -in the value-.-of other parameters such as the, : laser power.-^The correction factor'for . , •/., .
Eq. (16) is determined from thes.e ( da;ta to.be. 0.1 ± 0.01 with, possibly an additional uncertainty of 20% r .d_ue. ,tq .factors discussed in Section II... This new value is consistent with the value 0.1 ± 0.05 determined previously.
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VII. CONCLUSIONS AND DISCUSSION
Using a tunable laser system combined with a terminated telescope path and a narrowband interference filter, we h-ave demons-trated a working .^ , .
scheme for measurements of OH in ambient air. With the laser system opera--ting at 10'Hz, -the integration ;tijne.\needed in : order _to. • '"-• ^'--"-Tt should be noted that the detection sensitivity -for -the . : sys tern:-.?>-,.:•;•; v <-+ configuration described in this paper could, in principle, be improved by using narrower detection bandwidth.
• The idea is .to.discriminate more against OH'"s : igh¥l must be kept-Tess -than-a -fa.cto-riof ten-in order to realize • any'improvement in the signal-to-noise ratio. In practice, the use of a narrower bandwidth for detection also necessitates a reduction of the usable solid angle for collection, resulting in a reduction of the throughput (etendue) of the collection optics. Based on the fluorescence spectrum of « i OH, we estimate that a detection bandwidth of 20 cnf would be optimal and would give a signal-to-noise ratio slightly better than that described in this paper. A much narrower bandwidth would be impractical in terms of the 'solid angle for collection, and would reduce-the signal-to-noise ratio even-1 --if it could be implemented.
It would be desirable to achieve another order of magnitude 'improvement either in enhanced .sensd.ttvjty ,o,r ..in r.educed ..integratio.n time -.hp-
